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0 Liquid crystal display device. 



@ A liquid crystal display device capable of dis- 
playing clear images without cross-talk, comprises 
(a) a first transparent base, (b) a plurality of picture 
element electrodes on tiie first base (a), (c) a plural- 
ity of signal lines on the first base (a), (d) a plurality 
of varlstor layers connecting tlie picture element 
electrodes (b) to the signal lines (c) therethrough, (e) 
f^a second transparent base in parallel to the first 
^base (a), (f) a plurality of scanning electrodes on the 
second base (e), and (g) a liquid crystal material 
flayer arranged between the picture element elec- 
^trodes (b) and the scanning electrodes (f), and is 
characterized In that the scanning electrodes (f) have 
^a size, shape and location satisfying a relationship 
CO with the varistor layers (d) such that a plurality of 
Q vacant spaces and formed between the scanning 
electrodes (f) and the varistor layers (d) face the 
0» vacant spaces but not the scanning electrodes. 
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LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to a liquid crystal 
display device. More particularly, the present in- 
vention relates to a liquid crystal display device 
which contains a liquid crystal material layer 
wherein liquid crystals are dispersed in a matrix 
comprising a polymeric material, and which is sub- 
stantially free from "cross-talk" and can exhibit a 
high brightness. 



2. Description of the Related Art 

It is known that liquid crystal display (LCD) 
devices can be directly operated by using an IC 
device under a low drive voltage at a low power 
consumption, and can be constructed as a com- 
pact and thin device, in particular, a TN type LCD 
can be operated under a (ow voltage at a low 
power consumption, and thus is widely utilized in 
various fields; for example, watches and desk-type 
electronic calculators. 

The recent growing popularity of word proces- 
sors, personal computers and other data process- 
ing devices has led to a demand for portable, small 
and thin devices, and to this end. the LCD devices 
are replacing the cathode ray tube (CRT) devices 
as the display element in those machines. With the 
LCD device, it is possible to reproduce the image 
of Chinese characters on the screens of those 
machines, since a great number of picture ele- 
ments can be used in the LCD device in compari- 
son with the number of picture elements used in 
the display device used for watches and desk 
calculators. Also, the LCD element is operated by a 
matrix display drive in which picture element elec- 
trodes are connected to signal lines in an X-Y 
matrix form. In this type of LCD device, the picture 
element electrodes corresponding to the picture 
elements are not independent from each other, and 
thus when a predetermined voltage is applied to 
one picture element electrode, the voltage is also 
applied to the adjacent picture element electrodes, 
whereby they are partly operated, i.e.. an undesira- 
ble "cross-talk" occurs between one picture ele- 
ment electrode and adjacent picture element elec- 
trodes. 

To eliminate this cross-talk, it is known to use a 
non-linear element consisting of a diode, for exam- 
ple, a metal-insulator-metal diode (MIM), or thin 
film transistor (TFT) for each picture element elec- 



trode, but it is very difficult to provide and arrange 
a large number, for example, several thousands to 
several hundreds of thousands, of diodes or thin 
film transistors corresponding to a large number of 
5 picture elements, all of which must have uniform 
properties and be free from defects, and thus there 
is an urgent need for the development of non-linear 
elements which can be easily provided with a uni- 
form quality and will allow the use of an LCD 
10 device with a large display area 

In connection with the above, a new type of 
liquid crystal material usable for a display in a 
large display area has been developed through a 
new technology involving a polymer dispersed type 
15 liquid crystal material. With this technology, it is 
now possible to easily control the thickness of the 
liquid crystal material layer in the display device, 
and therefore, the polymer-dispersed type liquid 
crystal material can be formed as a layer having a 
20 large surface area, exhibits a very quick response, 
and allows the resultant display device to be given 
a wide angle of view without the use of a polarizer 
plate, and thus can be advantageously utilized to 
provide an LCD device having a large display sur- 
25 face area. 

Nevertheless, the polymer-dispersed type liq- 
uid crystal material is disadvantageous in that this 
liquid crystal material requires a drive voltage of 
several tens to several hundreds of volts, which is 
30 remarkably higher than that of the TN type liquid 
crystal material, e.g.. 5 volts or less, and therefore, 
a non-linear element having a higher voltage resis- 
tance than that of conventional non-linear elements, 
for example, thin film elements, must be used for 
35 the polymer-dispersed type LCD device. 

The inventors of the present invention attempt- 
ed to use a layer consisting essentially of varistor 
particles as a non-linear element, and the liquid 
crystal display device in which the above-men- 
40 tioned varistor layer is used can display clear im- 
ages without the occurrence of cross-talk, even 
where the polymer-dispersed liquid crystal material 
needing a high drive voltage is used. 

Nevertheless, the above-mentioned display de- 
45 vice is disadvantageous in that, when an outside 
surface of a varistor layer formed on a signal line 
and a picture element electrode is close to a scan- 
ning electrode, a current sometimes flows from the 
signal line to the scanning electrode through the 
50 varistor layer, or from the picture element electrode 
to the scanning electrode through the varistor layer, 
so that a voltage between the picture element 
electrode and the scanning electrode is reduced, 
and the brightness of the display device is re- 
duced. The above-mentioned disadvantages be- 
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come significant witli a decrease in the tliickness of 
the liquid crystal material layer. 

Usually, the varistor layer forms a convexity on 
a base plate in the liquid crystal display device, 
and this results in a relatively large thickness of the 
resultant liquid crystal display device. Also, the 
properties of the varistor layer may be deteriorated 
by solvent or additives contained in the liquid cry- 
stal material layer formed on the varistor layer. 

In general, preferably the liquid crystal display 
device can be operated under a low drive voltage, 
and accordingly, the liquid crystal material layer 
has as small a thickness as possible. When the 
thickness of the liquid crystal material layer is 
reduced, however, the outside face of the varistor 
layer in the form of a convexity on the base plate 
comes into contact with an electrode formed on the 
opposite base plate, and if the thickness of the 
varistor layer is reduced to avoid the above-men- 
tioned disadvantage, the deviation in the varistor 
voltage is increased. 

Accordingly, desirably a liquid crystal display 
device having a stable varistor voltage and able to 
be operated under a low drive voltage is provided. 

Furthermore, when each picture element elec- 
trode has a small size, and therefore the width of 
the varistor layer through which a signal line is 
connected to the picture element electrode is 
small, a threshold value voltage (Vth) of the varistor 
tends to fluctuate, and therefore, the contrast of 
each picture element becomes uneven. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a liquid crystal display device substantially free 
from cross-talk and capable of exhibiting a high 
brightness. 

Another object of the present invention is to 
provide a liquid crystal display device capable of 
being operated under a low drive voltage without 
fluctuation in a threshold value voltage (Vth), 

Still another object of the present invention is 
to provide a liquid crystal display device in which 
the properties of a non-linear varistor layer can be 
maintained at a constant level for a long time under 
a relatively low drive voltage while exhibiting a 
satisfactory display. 

The above-mentioned objects can be attained 
by the liquid crystal display device of the present 
Invention which comprises: a first transparent base; 
a plurality of picture element electrodes arranged 
on the first base: a plurality of signal lines for 
supplying electric signals to the picture element 
electrodes, arranged adjacent to the picture ele- 
ment electrodes on the first base; a plurality of 
varistor layers comprising fine varistor particles, 



through which the picture element electrodes are 
connected to the adjacent signal lines; a second 
transparent base arranged in parallel to and spaced 
from the first base; a plurality of scanning elec- 

5 trodes arranged on the second base and facing to 
and spaced from the picture element electrodes; 
and a liquid crystal material layer arranged be- 
tween the picture element electrodes and the scan- 
ning electrodes. The scanning electrodes have a 

70 size, shape and location satisfying a relationship to 
the varistor layers such that a plurality of vacant 
spaces are formed between the scanning elec- 
trodes, and the varistor layers face the vacant 
space but not the scanning electrodes in a direc- 

15 tion at a right angle from the first and second base 
surfaces. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Figure 1(A) is an explanatory cross-sectional 
view of polymer dispersed type liquid crystal dis- 
play device of a prior art; 

Fig. 1(B) shows a conventional arrangement 
25 of picture element electrodes, signal lines, varistor 
layers, and scanning etectrods; 

Fig. 1(0) shows another conventional ar- 
rangement of picture element electrodes, signal 
lines, varistor layers, and scanning electrodes; 
30 Fig. 2 is an explanatory cross-sectional view 

of an erhbodtment of the LCD device of the present 
invention; 

Fig. 3 shows a voltage-current curve of a 
varistor; 

36 Fig. 4(A) shows an arrangement of picture 

element electrodes, signal lines and non-linear ele- 
ments In the LCD device of the present invention; 

Fig. 4(B) shows a front view of a combination 
of a picture element electrode with a signal line 
40 and a non-linear element; 

Fig. 4(C) is a plane view of the combination 
shown in Fig. 4(B); 

Fig. 5 shows a matrix circuit of the LCD 
device of the present invention; 
46 Fig. 6(A) shows an explanatory schematic 

view of a polyemr-dispersed type LCD device; 

Rg. 6(B) shows an explanatory schematic 
view of a polymer-dispersed type LCD; 

Fig. 6(C) shows an explanatory schematic 
50 view of a liquid crystal capsule: 

Fig. 7{A) shows a transmission of light ap- 
plied to a polymer-dispersed type LCD In a state in 
which an electric field is not applied; 

Fig. 7(B) shows a transmission of light 
55 through the polymer-dispersed type LCD layer in 
the state in which an electric field is applied; 

Fig. 8 shows an embodiment of the LCD 
device of the present invention in which each scan- 
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ning electrode has a cut corner portion: 

Rg. 9 shows another embodiment of scan- 
ning electrodes each having a protrusion protruding 
toward a signal line; 

Fig. 10 shows an example of the arrange- 
ment of the signal lines, picture element elec- 
trodes, and varistor layers; 

Rg. 11 shows an example of the arange- 
ment, of scanning electrodes, picture element elec- 
trodes, signal lines, and varistor layers; 

Rg. 12 shows another example of the ar- 
rangement of the scanning electrodes, picture ele- 
ment electrodes, signal lines, and varistor layers; 

Rg. 13 shows still another example of the 
arrangement of the scanning electrodes, picture 
element electrodes, signal lines, and varistor lay- 
ers; 

Rg. 14 shows another example of the ar- 
rangement of the scanning electrodes, picture ele- 
ment electrodes, signal lines, and varistor layers; 

Rg. 15 shows still another example of the 
arrangement of the scanning electrodes, picture 
element electrodes, signal lines, and varistor lay- 
ers; 

Rg. 16 shows a cross-sectional view of an- 
other embodiment of the LCD device of the present 
invention; 

Fig. 17 is an explanatory view of an upper 
part and a lower part of another embodiment of the 
LCD device of the present invention, before assem- 
bly of these parts; 

Rg, 18(A) is an explanatory view of an upper 
part and a lower part of another embodiment of the 
LCD device of the present invention, before assem- 
bly of these parts: 

Fig. 18(B) is an explanatory view of the 
embodiment of the LCD device as shown in Fig. 
18(B) after assembly of these parts; 

Rg. 19(A) shows an arrangement of the sig- 
nal lines, picture element electrodes, and varistor 
layers; 

Fig. 19(B) shows one combination of the 
signal line, picture element electrode, and varistor 
layer, as shown in Rg. 19(A); 

Fig. 19(C) shows an arrangement of the 
scanning electrodes and liquid crystal layers on a 
second base; 

Fig, 19(D) shows a side view of the arranged 
scanning electrodes and liquid crystal layers on the 
second base as shown in Fig. 19(C); 

Fig. 20 shows an explanatory cross-section 
of another embodiment of the LCD device of the 
present invention; 

R'g, 21 shows another arrangement of the 
signal lines, picture element electrodes, and varis- 
tor layers; 

Fig. 22 shows an explanatory cross-section 
of still another embodiment of the LCD device of 



the present invention; 

Fig. 23(A) shows an upper part of an LCD 
device of the present invention; 

Fig. 23(B) shows a lower part of the LCD 
5 device of the present invention to be assembled 
with the upper part as shown in Fig. 23(A); 

Fig. 23(C) shows an LCD device of the 
present invention consisting of the incorporated 
upper and lower parts as shown in Figs. 23(A) and 
w 23(B): 

Fig. 24 shows another LCD device of the 
present invention; and 

Fig. 25 shows another upper part of the LCD 
device of the present invention to be assembled 
15 with the lower part as shown in Fig, 24. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

20 Figure 1(A) shows a partial cross-section of a 

conventional liquid crystal display device of a prior 
art. 

In Rg. 1(A), a plurality of picture element elec- 
trodes 1a are arranged in a predetermined pattern 

25 on an upper face of a first transparent base 2a: a 
plurality of signal lines 3 for supplying electric 
signals to the picture element electrodes la are 
arranged adjacent to the picture element electrodes 
la on the first base; a plurality of non-linear ele- 

30 ments each consisting of a varistor layer 4 are 
arranged between and electrically connect the pic- 
ture element electrodes la and the signal lines 3; a 
second transparent base 2b is arranged in parallel 
to and spaced from the first base 2a; a plurality of 

35 transparent scanning electrodes 1 b are fixed to the 
lower face of the second base 2b; and the space 
between the first base 2a and the second base 2b 
is filled by a liquid crystal material 5. 

In the LCD device shown Rg, 1(A), in the 

40 direction at a right angle from the first and second 
bases 2a and 2b. the varistor layers 4 at least 
partially face the corresponding scanning elec- 
trodes lb through the liquid crystal material layer 5 
as shown in Fig. 1 (B) or 1 (C). Therefore, when the 

45 liquid crystal material layer is thin, and thus the 
outer face of each varistor layer 4 is close to or in 
contact with the lower face of the corresponding 
scanning electrodes lb and a voltage is applied to 
a signal line 3. an electric current flows from the 

so signal line to a corresponding scanning electrode 
lb through a corresponding varistor layer 4 or from 
a picture element electrode la to a corresponding 
scanning electrode 1b through a corresponding 
varistor layer 4. This phenomenon causes a reduc- 
55 tion in the voltage between the picture element 
electrode la and the corresponding scanning elec- 
trode lb and the brightness of the liquid crystal 
material layer is lowered. 
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This disadvantage becomes significant with a 
reduction in thickness of the liquid crystal material 
layer. 

The above disadvantages can be eliminated by 
the liquid crystal display device of the present 
invention. 

Figure 2 is an explanatory cross-sectional view 
of an embodiment of the liquid crystal display 
device of the present invention, 

Refen'ing to Fig 2. a plurality of picture element 
electrodes 11a are arranged in a predetermined 
pattern on an upper surface of a first transparent 
glass base 12a; a plurality of signal lines 13 for 
supplying electric signals to the picture element 
electrodes 11a are arranged adjacent to the picture 
element electrodes 11a on the first base 12a; a 
plurality of non-linear elements each consisting of a 
varistor layer 14 are arranged between and connect 
the picture element electrodes 11a and the adja- 
cent signal lines 13; a second transparent glass 
base 12b is arranged in parallel to and spaced 
from the first base 12a; a plurality of transparent 
scanning electrodes 11b are fixed to the lower 
surface of the second base 12b. and the space 
between the first base 12a and the second base 
12b is filled by a liquid crystal material 15. 

In the liquid crystal display device of the 
present invention, the scanning electrodes must 
have a size, shape and location satisfying a rela- 
tionship to the varistor layers such that a plurality 
of vacant spaces 34 are formed between the scan- 
ning electrodes, and the varistor layers face the 
vacant spaces 34 but not the scanning electrodes 
lib. in the direction at a right angle to the first and 
second surfaces. 

This feature of the liquid crystal display device 
of the present invention very effectively prevents 
an undesirable flow of an electric current from a 
signal line to a corresponding scanning electrodes 
through a corresponding varistor layer, and thus 
even under a high voltage, a matrix circuit compris- 
ing the varistor layer and the liquid crystal material 
layer can be maintained in a normal condition, and 
clear images with a high brightness and a high 
contrast can be displayed. 

Also, it is unnecessary to coat the electrodes 
with insulating layers, and thus the' process of 
producing the LCD device becomes simple and 
easy and the resultant device can be operated 
under a low drive voltage. 

In the LCD device of the present invention, the 
varistor is usually used as a surge-absorbing ele- 
ment and exhibits a specific voltage-electric current 
property as shown in Fig. 3. 

Referring to Fig. 3, the varistor exhibits a high 
resistance under a voltage having a value less than 
(Va). and substantially does not allow an electric 
current to flow therethrough. When the voltage 



reaches the value (Va). however, the varistor exhib- 
its a significantly reduced resistance and allows the 
electric current to flow therethrough as shown in 
Rg. 3. The specific value of the voltage Va is 

5 referred to as a threshold value voltage (Vth). The 
varistor voltage and capacity can be easily con- 
trolled by controlling the distance between elec- 
trodes or the size of the varistor particles, and 
therefore, the varistor is usable in various fields; for 

10 example, as a protective material for electronic 
circuits and against lightning. 

The varistor usable for the present invention is 
preferably in the form of a layer or film consisting 
of fine varistor particles. The layer of the fine 

75 varistor particles can be easily formed between the 
picture element electrodes and the adjacent signal 
lines by printing a paste comprising, as a main 
component, the fine varistor particles. This printing 
method is advantageous In that the operation for 

20 forming the varistor layer is simple and easy, in 
comparison with conventional varistor layer-forming 
methods, and a number of non-linear elements 
having a uniform quality can be provided at a low 
cost. 

25 When a number of fine varistor particles having 

a substantially uniform size and a substantially, 
spherical shape are used, the resultant varistor 
layer between the picture element electrodes and 
the signal lines exhibit a substantially uniform 

30 threshold value voltage (Vth) and the resultant LCD 
device can produce a satisfactory display. 

The varistor particles preferably have a size of 
1 to 30 um. more preferably 2 to 20 um. When the 
varistor particles are too large, the resultant varistor 

35 non-linear element has an too large thickness, and 
such a thick element requires a thick polymer 
dispersed type liquid crystal layer, and therefore, 
an excessively high drive voltage When the size of 
the varistor particles is too small, the' distance 

40 between the picture element electrodes and the 
signal lines must be shortened, and this makes it 
difficult to form precise gaps between the picture 
element electrodes and the signal lines. 

Referring to Fig. 4A, a plurality of picture ele- 

45 ment electrodes 1 1 a are separately connected to a 
signal line 13 through non-linear elements 14. 

Referring to Figs. 4(B) and (4C), a picture 
element electrode 11a and a signal line 13 fixed to 
a first base 12a are connected to each other 

50 through a non-linear varistor layer 14 consisting of 
a number of varistor particles 14a. 

Referring to Fig. 5, which shows a matrix cir- 
cuit of the LCD device of the present invention, a 
plurality of LCD elements 16 comprising picture 

55 element electrodes 11a and corresponding LC ma- 
terial layers (not shown) are connected to signal 
lines Xi , Xs . Xa ... through varistor layer 14 and to 
signal lines Yt . , Y3 ... crossing the signal lines 
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Xi . X2 , Xa .... When voltages 0, V/2 (V/2 < Vth < 
V) and 0 are applied, respectively, to the signal 
lines Xi , Xz and X3 , and voltages 0» -V/2 and 0 
are applied, respectively, to the signal lines Yi , Y2 
and Y3 , the LCD element 16a connected to both 
signal lines X2 and Y2 allows an electric current to 
flow therethrough but none of the other liquid cry- 
stal display elements 16 allows an electric current 
to flow therethrough, because the varistor layer 14 
exhibits a threshold voltage (Vth) which is higher 
than the voltage V/2 applied thereto; i.e., the varis- 
tor layer 14 hinders the flow of electric current 
therethrough under a voltage of V/2 or less. 

In the LCD element 16a connected to the sig- 
nal lines X2 and Y2 , since Va < V, a voltage V - Va 
is applied to the element 16a. and thus undesirable 
cross talk between the element 16a and the other 
elements 16 can be prevented. 

The voltage applied to the LCD element 16a 
connected to the signal lines X2 and Y2 can be 
maintained at a level lower than the varistor volt- 
age, and thus the LCD element I6a can be main- 
tained in the display state even when the voltage 
applied to the signal lines X2 and Y2 is varied, 
because the electric charge is held by the varistor 
layer. 

The varistor layer or film can be produced by 
the following procedures. 

Zinc oxide powder is molded into pellets under 
a pressure of 50 to 500 kg/cm^ and sintered at a 
temperature of 700 'C to 1300'C, the sintered 
pellets are pulverized to provide zinc oxide fine 
particles having a size of 1 to 30 um, preferably 2 
to 20 urn, and the fine particles are further sintered 
at a temperature of 800 *C to 1300'C to produce 
spherical particles. 

The sintered spherical zinc oxide particles are 
doped with at least one member selected from 
Bi203 , C02O3 iVln02 and SbaOa at a temperature 
of 700* C to 1300' C. and the resultant varistor 
particles preferably have a size of 0.1 to 100 um, 
more preferably 1 to 20 urn. If the size of the 
varistor particles is too large, the resultant non- 
linear elements have an excessively large thick- 
ness and thus require an excessively high drive 
voltage. If the size of the varistor particles is too 
small, the gaps between .the picture element elec- 
trodes and the signal lines must be made narrower, 
and it is very difficult to control the formation of 
such small gaps with a high accuracy. 

Preferably, the varistor particles are spherical 
and have an even size, as such varistor particles 
will form a non-linear element having a uniform 
threshold value voltage, and thus the resultant LCD 
device will display a clear picture. 

The varistor layer bridges the picture element 
electrode and the signal line but does not com- 
pletely cover the picture element electrode, and 



therefore, the LCD device of the present invention 
having the varistor layer can be used as a light 
transmission type device. 

The resultant varistor particles are mixed with a 
5 bonding material consisting of, for example, glass 
particles and/or an organic binder in an amount of 
5% to 200% based on the weight of the varistor, to 
provide a printable varistor paste. 

The organic binder is selected from 
70 evaporation-drying type binders which can be so- 
lidified by drying and hardening type binders which 
can be solidified by curing. 

The evaporation-drying type binders include 
cetlulosic materials such as methyl cellulose, ethyl 
15 cellulose, cellulose triacetate, polyacrylic resins, for 
example, polymethyl methacrylate, vinyl acetate 
polymer and copolymer, and polyvinyl alcohol. The 
binder may contain a small amount of a solvent or 
plasticizer. 

20 The hardening binder may be selected from 
room temperature-hardening binders, for example, 
epoxy binders (for example. DP-pure 60, made by 
3M) and silicone binders (for example, TSE 352, 
made by Toshiba Silicone); thermal-hardening 

25 binders for example, epoxy binders (for example, 
jA-7434. made by 3M). an silicone binders (for 
example, Epoxy TSJ, 3155, which are heat-har- 
dening type binders; photohardening monomers, 
for example. 2-ethylhexyl acrylate and dicyclopen- 

30 tenyl acrylate; photohardening prepolymers, for ex- 
ample, polyesteracrylate. epoxyacrylate, and mix- 
tures of the above-mentioned substances. Prefer- 
ably, the photohardening type binders containing a 
monomer and/or a prepolymer are used for the 

35 present invention, and further, radiation-hardening 
or electronic ray hardening binders are used for the 
present invention. 

The varistor paste Is applied, by a printing 
method, to a first base having a plurality of picture 

40 element electrodes and signal lines, to form a 
bridge therebetween of a film of the paste, and the 
paste film is solidified and heat-treated at a tem- 
perature of 300 °C to 500 'C, when glass particles 
are used as a binder, to form a varistor layer or 

45 film. 

It is known that the first base can be made of 
polycrystalline ZnO and used as a varistor to pro- 
vide non-linear elements. This type of first base, 
however, is not transparent, and thus cannot be 

50 used for a transparent display device. The non- 
linear elements consisting of varistor particles can 
be utilized for the transparent display device. 

The LCD device of the present invention has a 
liquid crystal material layer arranged between the 

55 picture element electrodes fixed on the first base 
and the scanning' electrodes fixed on the second 
base. 

The liquid crystal material preferably com- 
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prises liquid crystals responsive to the presence of 
an electric field to increase an optical transnnission, 
and surface means for affecting the natural struc- 
ture of the liquid crystals to induce a distorted 
alignment thereof in the absence of the electric 
field to reduce an optical transmission regardless 
of the polarization. 

This type of liquid crystal material includes 
liquid crystals dispersed in a matrix consisting es- 
sentially of a polymeric material and liquid crystals 
filled in network-shaped continuous pores formed 
in a matrix consisting essentially of a polymeric 
material. 

The liquid crystals dispersed in the polymeric 
matrix include Nematic Curvilinear Aligned phase 
(NCAP) type liquid crystals materials in which liq- 
uid crystals are dispersed In the form of fine 
spheres independently from each other in a poly- 
meric matrix; liquid crystals dispersed and con- 
tained in a thermoplastic resin and liquid crystals 
dispersed in an epoxy resin. The liquid crystals 
usable for the present Invention may be nematic 
liquid crystals or smectic liquid crystals. 

The polymeric material usable as a matrix of 
the liquid crystal material is preferably selected 
from polystyrene, polyvinyl chloride, polyvinyl al- 
cohol, polycarbonate, polybutadiene rubber, poly- 
methylmethacrylate, polybutylmethacrylate, poly- 
vinylpyrrolidone, ethyl cellulose, cyanoethyl cellu- 
lose, polyvinylidene fluoride, nitrile rubber (NBR) 
and polysulfide rubber (thiocoboi). 

In the LCD device of the present invention, the 
liquid crystal material is preferably the NCAP type 
liquid crystal material used in combination with the 
varistor layer. 

The polymer dispersed type liquid crystal ma- 
terial is disclosed in POT International Publication 
No. 83/01016. U.S. Patent No. 4,435,047 and 
"Electronic Parts and Materials" No. 12.1987, 
pages 67 to 70. In the polymer dispersed type 
liquid crystal material, a liquid crystal material hav- 
ing a positive dielectric anisotropy is surrounded 
by a transparent surface means or matrix for affect- 
ing the natural structure of the liquid crystal ma- 
terial, to induce a distorted alignment thereof in the 
absence of an electric field and thus reduce the 
optical transmission regardless of the polarization. 
The liquid crystal material is responsfve to the 
presence of an electric field, to increase the 
amount of optical transmission. 

In the polymer dispersed type liquid crystal 
material, the above-mentioned surface means or 
matrix usually contains discrete amounts of the 
liquid crystal material dispersed therein, for exam- 
ple, in the form of capsules. Usually, the surface 
means comprises a transparent organic polymeric 
material having a dielectric constant that is nearly 
equal to the lower dielectric constant value of the 



liquid crystal material. 

The transparent organic polymeric material 
may comprise a thermoplastic polymer material, for 
example, a polyester resin, or a thermosetting poly- 
5 meric material, for example, an epoxy resin. 

An embodiment of the polymer-dispersed type 
LCD device is shown in Figs. 6(A). 6(B) and 6(C). 

Referring to Rg. 6(A), a polymer-dispersed 
type liquid crystal material layer 17 is arranged 
w between an upper resinous film 18a and a lower 
resinous film 18b. The resinous films 18a and 18b 
are coated with transparent electroconductive elec- 
trode layers 19a and 19b comprising ITO. 

Referring to Fig. 6(B), which shows a portion 
75 20 of the polymer-dispersed type liquid crystal 
layer 17 shown in Fig. 6(A), in the portion 20 of the 
polymer-dispersed type liquid crystal layer 17, a 
number of fine particles 22 of the liquid crystal 
material are dispersed in a transparent matrix 23. 
20 Referring to Fig. 6(C). in a small portion 21 of 
the liquid crystal material layer 17, a spherical 
particle 22 in a matrix 23 consists of a discrete 
amount of the liquid crystal material. 

Rgures 7(A) and 7(B) show the behaviors of 
25 the polymer-dispersed type liquid crystal material 
in the absence and in the presence of an electric 
field. In the particles, the liquid crystal material 
contains pleochroic dyes. 

In Fig. 7(A), in the absence of an electric field, 
30 a number of liquid crystal molecules 24a are 
aligned along the internal surfaces of the capsules. 
When a visible light is introduced into the liquid 
crystal material particle 22 through the transparent 
matrix 23 in the liquid crystal material layer 1 7, the 
35 incident light is scattered on the outside surface of 
the particles 22 and in the inside of the particles 22 
due to the birefringence of the liquid crystal mol- 
ecule 24a, and absorbed by the pleochroic dye 
molecules 24b, and accordingly, the liquid crystal 
40 material layer 17 has a dark (black or opaque) 
appearance. 

In Fig. 7(B), when an electric field is applied to 
the liquid crystal material layer- 17, the liquid cry- 
stal molecules 24a are aligned in the direction E of 
45 the electric field. When the normal refractive index 
of the liquid crystal molecules is almost equal to 
that of the matrix, the light can pass straight 
through the liquid crystal material layer 17 without 
scattering and thus the liquid crystal material layer 
50 17 has a bright appearance. The degree of trans- 
parency of the liquid crystal material layer can be 
successively varied from a dark (black or opaque) 
condition to a bright (transparent) condition by 
varying the intensity of the electric field applied to 
55 the liquid crystal material layer. 

The varistor layer usable for the present inven- 
tion can be prepared, for example, by the following 
method. 
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Particles of ZnO are sintered at a high tem- 
perature of from 700 *C to 1300* C and milled and 
screened, sintered ZnO particles preferably having 
a size of 1 to 30 am, more preferably 2 to 20 urn 
are collected, and further, preferably sintered at a 
temperature of, for example, from 800 *C to 
1300* C to give the particles a spherical shape. 

The sintered ZnO particles are usually doped 
with at least one member selected from, for exam- 
ple, BiaOs . C02O3 , MnOa , and Sb203 . prefer- 
ably in an amount of 0.1% to 10% based on the 
weight of the ZnO particles, and the resultant ZnO 
varistor particles are mixed with a binding material. 

The binding material usually comprises a glass 
powder having a particle size of 0.1 to 20 um, 
and/or the resinous binder such as ethyl cellulose, 
polyol aery late resins, polyester resins, epoxy ae- 
ry late resins, hexanediol aery late resins, and poly- 
vinyl acetate. Usually, the glass powder is used in 
the amount of 5 to 200% based on the weight of 
the varistor particles, and the binder is preferably 
used in an amount of 2 to 100% based on the 
weight of the varistor particles. 

The varistor particle-containing paste is applied 
in accordance with a predetermined pattern on a 
base, to form a bridge between the picture element 
electrodes made from ITO (indium tin oxide) and 
the corresponding signal lines, by a screen printing 
method, and the printed varistor paste layers are 
heat-treated at a temperature of 300 * C to 500 ' 0 
to form varistor membranes. Usually, the gaps be- 
tween the picture element electrodes and the cor- 
responding signal lines are from 10 to 200 um, for 
example, about 50 um. 

In the LCD device of the present invention, the 
first transparent base usually comprises a glass 
plate having a thickness of 0.5 to 2 mm. and the 
second transparent base usually comprises a glass 
plate or a transparent plastic film, for example, 
polyethylens terephthalate film, having a thickness 
of 50 to 200 um. 

The picture element electrodes and the scan- 
ning electrode usually comprise ITO (indium tin 
oxide), and have a thickness of 0.05 to 1 um. 

The signal lines are usually made from ITO or 
metallic chromium and have a thickness of 0.01 to 
1 um. 

The polymer-dispersed type liquid crystal ma- 
terial can be prepared in accordance with the 
method described in PCT International Publication 
No. WO 83/01016 and U.S. Patent No. 4.435.047. 

The polymer-dispersed type liquid crystal ma- 
terial layer usually has a thickness of 10 to 30 um. 

Fig. 8 shows an embodiment of the liquid cry- 
stal display device of the present invention. 

Referring to Fig. 8, each picture element elec- 
trode 11a on a first base 12a is electrically con- 
nected to a signal line 13 through a varistor layer 



14. Usually, the picture element electrode lia is 
spaced by 10 to 400 um from the corresponding 
signal line 13. 

On a second base 12b, a plurality of scanning 

5 electrodes lib are fixed in a relationship in which 
they are almost facing the picture element elec- 
trodes 11a, and are connected to each other by 
bridges to form, together with the picture element 
electrodes, a matrix drive circuit. 

10 The scanning electrode 1 1 b is in the form of a 
polygonal plate, for example, a rectangular plate, in 
which a comer portion thereof closest to a varistor 
layer 14 is cut to form a vacant space, and the 
varistor layer 14 faces at least a portion of the 

15 vacant space but does not face the scanning elec- 
trode 11b per se in the direction at a right angle 
from the first and second base surfaces. 

Referring to Fig. 9 showing another embodi- 
ment of the LCD device of the present invention, 

20 each picture element electrode 11b has a protru- 
sion 32 protruding toward the signal line 13. The 
signal line 13 is connected to the protrusion 32 of 
the picture element electrode 11a through a varis- 
tor layer 14. 

25 Each scanning electrode 1 1 b has a shape, size 

and location suitable for facing only a portion of the 
corresponding picture element electrode 11a exclu- 
sive from the protrusion 32, and thus does not face 
the varistor layer 1 4. 

30 In still another embodiment of the LCD device 
of the present invention, the scanning electrodes 
are spaced from each other through gaps so as to 
cause each varistor layer to face at least a portion 
of each gap as shown in, for example. Fig. 9. This 

35 embodiment will be further explained hereinafter. 

Usually, the distance between the first and 
second bases is from 5 to 50 um. 

Also, in the LCD device of the present inven- 
tion, a scanning operation can be carried out on the 

40 scanning electrodes on the second base or on the 
signal lines on the first base. 

In an embodiment of the LCD device of the 
present invention, the signal lines have branches 
thereof extending between two adjacent picture 

45 element electrodes, and the varistor layers are 
formed on the branches so as to connect the signal 
line branches to two adjacent picture element elec- 
trodes. 

Referring to Fig. 10, a plurality of picture ele- 
50 ment electrodes 11a are arranged on a first base 
12a and are spaced from each other. Also, a plural- 
ity of signal lines 13 are arranged adjacent to and 
spaced from the picture element electrodes 11a. 
The signal lines 13 have branches 13a extending 
55 between the adjacent two picture element elec- 
trodes 1 1 a. 

Each signal line branch 13a is connected to 
two adjacent picture element electrodes 11a 
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through a varistor layer 14. 

The varistor layer 14 preferably covers the side 
edge portions (for example, transverse side edge 
portions) of each picture element electrode for 50% 
or more of the length of the side edge portion, as 
indicated in Rg. 10. 

In Rg. 11, a plurality of scanning electrodes 
lib on a second base (not shown) are spaced from 
each other through gaps and each varistor layer 14 
on a first base (not shown) faces the gaps, to 
prevent an undesirable reduction of brightness. 

Referring to Rg. 12, a plurality of signal line 
branches 13a are connected to adjacent picture 
element electrodes 11a through a common varistor 
layer 14. The common varistor layers 14 face com- 
mon gaps formed between two rows of scanning 
electrodes lib. 

Referring to Rg, 13, two side edges of each 
picture element electrode are connected to cor- 
responding signal line branches 13a through a 
varistor layer 14. Also, each varistor layer 14 faces 
a gap between two adjacent scanning electrodes 
lib. 

Referring to Rg. 14, a plurality of picture ele- 
ment electrodes 11a are arranged in a zigzag pat- 
tem, for example, in each longitudinal row as 
shown in the drawing, the signal lines are arranged 
in a zig-zag form among the longitudinal rows of 
the picture element electrodes 1 la, and in each 
longitudinal row. corner portions of the picture ele- 
ment electrodes facing each other through bent 
portions 13b of the signal lines 13 are connected to 
the bent portions 13b of the signal lines 13 through 
the varistor layer 14. 

The varistor layers 14 are arranged between 
two adjacent transverse rows of picture element 
electrodes I1a and face the gaps between two 
adjacent transverse rows of scanning electrodes 
lib, so that the scanning electrodes lib do not 
face the varistor layers 14. 

In Rg. 15, a longitudinal side edge portion of 
each picture element electrode 11a Is directly con- 
nected to a signal line 13 through a varistor layer 
14. Each scanning electrode is arranged so that it 
does not face the varistor layers 14. 

In another embodiment of the LCD device of 
the present invention, the liquid crystal material 
layer has vacant spaces to which the varistor layers 
are exposed without coming into contact with the 
liquid crystal material. 

This embodiment is useful for a LCD device 
having a thin liquid crystal material layer. 

Referring to Rg. 16. the liquid crystal material 
layer 15 has a vacant space 33 in the form of a 
vertical column or aperture extending in the direc- 
tion at a right angle to the first and second bases 
12a and 12b, and a varistor layer 14 fixed on the 
first base 12a Is exposed to the vacant space 33 



and thus does not come into contact with the liquid 
crystal material. 

The varistor layer 14 is connected to a picture 
element electrode 11a. In Rg. 16, the rightmost 
5 end of the varistor layer 14 is spaced by a distance 
d from the right wail face of the vacant space 33 
and the leftmost end of the varistor layer 14 is 
spaced by a distance d' from the left wall face of 
the vacant space 33. 

10 Also, the varistor layer 14 does not face the 
scanning electrode lib formed on the second base 
12b, but faces a groove 34 formed between two 
adjacent scanning electrodes 1 1 b. 

Referring to Fig. 17, a plurality of varistor lay- 

75 ers 14 are fixed on the lower face of a first base 
12a, and a liquid crystal material layer 15 is formed 
on an upper face of a second base 12b and is 
provided with a plurality of column-shaped vacant 
spaces or apertures 33 separate from each other. 

20 The cross-sectional area of the apertures 33 is 
slightly larger than the cross-sectional area of the 
varistor layers 14. 

The first base 12a having the varistor layers 14 
is bonded to the second base 12b having the liquid 

25 crystal material layer 15, in a manner such that 
each varistor layer 14 is contained in the cor- 
responding aperture 33 without coming into contact 
with the liquid crystal material. 

The vacant spaces 33 in the liquid crystal 

30 material layer 15 can be formed by boring, in 
predetermined dimensions, a liquid crystal material 
layer 15 formed on the second base 12b. Other- 
wise, a negative mask is placed on a second base 
12b, a liquid crystal material layer is formed and 

35 solidified on the negative mask, and then the nega- 
tive mask is removed from the resultant liquid 
crystal material layer. 

In Rg. 18(A), a plurality of liquid crystal ma- 
terial layers 15 separate from each other are 

40 formed as stripes on a second base 12b. The liquid 
crystal material layers 15 are spaced from each 
other through separate grooves 34. 

Separately, a plurality of varistor layers 14 and 
adhesive layers 35 having a smaller width than that 

45 of the grooves 34 are formed alternately on a first 
base 12a. 

In Rg. 18(B), the first base 12b is bonded to 
the second base 12a in a manner such that the 
varistor layers are contained in the separate 

50 grooves 34 without coming into contact with the 
liquid crystal material layer 15 and the adhesive 
layers 35 come Into contact with the bottoms of the 
grooves 34. By solidifying the adhesive layers 35. 
the first and second bases are bonded through the 

65 adhesive layers 35. 

The stripe-shaped liquid crystal material layers 
15 can be formed along the scanning lines or the 
signal lines. 
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The above-mentioned type of liquid crystal ma- 
terial layers can be provided on a second base by 
forming and solidifying a continuous liquid crystal 
material layer, and a plurality of stripe-shaped 
grooves are formed by cutting in accordance with a 
predetermined pattern. Alternatively, a mask having 
a negative pattern is placed on a second base, a 
liquid crystal material is fed onto the negative mask 
and solidified, and then the mask Is removed from 
the resultant liquid crystal material layers. 

In Fig. 19(A) and 19(B), a plurality of picture 
element electrodes 11 a and a plurality of signal 
lines 13 are formed on a first base 12a, and each 
picture element electrode 11a is connected to a 
corresponding signal line 1 3 through a varistor lay- 
er 14. 

For example, the signal lines 13 are formed 
from a transparent electrode material and the varis- 
tor layers 14 are formed in a length and width of 
0.5 mm and a thickness of 13 am by a printing 
operation and exhibit a varistor voltage of 40 V ± 3 
V. 

Referring to Figs. 19(C) and 19(D), a surface of 
a second base 12b is coated with strip-patterned 
layers of a scanning electrode-forming material and 
then with a single continuous layer of a polymer- 
dispersed type liquid crystal material. 

The resultant laminated liquid crystal material 
layer is cut in accordance with the predetermined 
pattern of the scanning electrodes to provide a 
plurality of scanning electrodes 11b and a plurality 
of liquid crystal material layers 1 5 laminated on the 
scanning electrodes 1 1 b, and to form a plurality of 
grooves 34 between the above-mentioned lami- 
nated layers. 

For example, the emulsion comprises 5 g of 
liquid crystals, 20 g of a 10% polyvinyl alcohol 
aqueous solution and 0.2 g of pleochroic black 
dyes and forms a liquid crystal material layer hav- 
ing a thickness of 15 iim, and the grooves 34 have 
a width of 0.8 mm. 

The first base 12a having the picture element 
electrodes 11 a, signal lines 13 and varistor layers 
14 is bonded to the second base 12 having the 
laminated scanning electrodes 11b and liquid cry- 
stal material layers 15 in a manner such that the 
varistor layers 14 are contained in the grooves 34 
without coming into contact with the liquid crystal 
material layer, the scanning electrodes 11b. and 
the second base 12b. The varistor layers 14 may 
be coated with a thin layer of the liquid crystal 
material. 

The side edge surfaces of the resultant lami- 
nate, namely an LCD device, are sealed by apply- 
ing an adhesive agent. 

In still another embodiment of the LCD device 
of the present invention, the second base has con- 
cavities connected or continued to the vacant 



spaces between the scanning electrodes and then 
to the vacant spaces in the liquid crystal material 
layer. 

In a further embodiment of the LCD device of 
5 the present Invention, the second base has open- 
ings connected or continued to the vacant spaces 
between the scanning electrodes and then to the 
vacant spaces in the liquid crystal material layer. 
Those embodiments are useful for an LCD 
10 device having a very thin liquid crystal material 
layer in comparison with the thickness of the varis- 
tor layers. 

Referring to Fig. 20, which shows an explana- 
tory cross-section of an embodiment of the LCD 
75 device of the present invention, and to Fig. 21 
which shows an arrangement and connections of 
various elements on a first base used in the LCD 
device shown in Fig. 20, a plurality of picture 
element electrodes 11a and signal lines 13 are 

20 arranged on a first base 12a and connected to 
each other through varistor layers 14. Usually the 
distance between each picture element electrode 
11a and the corresponding signal line 13 is 10 to 
400 M.m. A plurality of scanning electrodes 11b 

25 spaced from each other through grooves 34 are 
arranged on a second base 12b so as to face the 
picture element electrodes 11a through the liquid 
crystal material layer 15. and form a matrix drive 
circuit together with the picture element electrodes 

30 11a. Usually, the thickness of the liquid crystal 
material layer 15 Is 5 to 50 um. 

In Fig. 20, the scanning electrodes 11b are 
spaced from each other through vacant spaces 34, 
the liquid crystal material layer 1 5 has a plurality of 

35 vacant spaces 33, and the second base 12b has a 
plurality of concavities 36 connected to the vacant 
spaces 34 between the scanning electrodes 11b 
and the vacant spaces 33 in the liquid crystal 
material layer 15. The connected vacant spaces 33, 

40 34 and concavities 36 contain the varistor layers 14 
therein, as shown in Fig. 20. The varistor layers 14 
are spaced from the second base 12b, the scan- 
ning electrodes 1 1 b and the liquid crystal material 
layers 1 5. 

45 Referring to Fig. 22, the scanning electrodes 

are spaced from each other through vacant spaces 
34, the liquid crystal material layer 15 has a plural- 
ity of vacant spaces 33 and the second base 12b 
has a plurality of openings 37 connected to the 

50 vacant spaces 33. The connected vacant spaces 
and openings contain the varistor layers 14, and 
therefore, the varistor layers 14 do not come into 
contact with the liquid crystal material layers 15, 
the scanning electrodes 1lb and the second base 

55 12b. . 

In the LCD device as shown in Figs. 20 and 22, 
even when the liquid crystal layer 15 is very thin, it 
is not necessary to make the varistor layers very 
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thin, and the varistor voltages of the varistor layers 
can be nnaintainecl at a constant level. Therefore, 
these types of LCD devices can have a snnall 
thickness and can be operated under a desired 
voltage. Further, the varistor layers are protected s 
from undesirable contact with a solvent or additive 
in the liquid crystal nnaterial layer, especially the 
polymer-dispresed type liquid crystal material lay- 
er, and thus can maintain the varistor property at a 
constant level. io 

The above-mentioned types of LCD devices 
can be produced in the following manner. 

Referring to Fig. 23(A). a second base 12b has 
a plurality of scanning electrodes not shown) 
spaced from each other through vacant spaces (not 75 
shown) and a liquid crystal material layer 15. The 
second base I2b has a plurality of openings con- 
nected to the vacant spaces (not shown) between 
the scanning electrodes (not shown), and the liquid 
crystal material layer 15 has a plurality of vacant so 
spaces in the form of apertures connected to the 
vacant spaces (not shown) between the scanning 
electrodes (not shown). Thus, a plurality of ap- 
ertures 38 extending through the second base 1 2b, 
the scanning electrode (not shown), and the liquid 25 
crystal material layer 15 are formed. 

Referring to Rg. 23(B). a plurality of varistor 
layers 14 are formed on a first base 12a to connect 
therethrough a plurality of picture element elec- 
trodes (not shown) to a plurality of signal lines (not oo 
shown). 

In Fig. 23(C), the second base 12b shown in 
Rg. 23(A) is laminated on the first base 12a shown 
in Fig. 23(B) so that the varistor layers 14 on the 
first base 12a are contained in th^ apertures 38 on 35 
the second base 12b, without coming into contact 
with the liquid crystal material layer 15, the scan- 
ning electrodes (not shown) and the second base 
12b. 

The openings in the second base 12b as 4q 
shown in Fig. 23(A) can be replaced by concavities 
facing and connected to the vacant spaces be- 
tween the scanning electrodes and then to the 
vacant spaces in the liquid crystal material layer. 

The vacant spaces 38 can be in the form of a 45 
plurality of grooves each consisting of a groove 
formed between the liquid crystal material layers, a 
groove between the scanning electrode and a 
groove-shaped opening or concavity formed in the 
second base. so 

The vacant spaces in the form of grooves on 
the second base are useful for containing a number 
of varistor layers therein. 

Referring to Fig, 24, a plurality of groove- 
shaped vacant spaces 39 extend through the sec- 55 
ond base 12b, vacant spaces (not shown) formed 
between the scanning electrodes (not shown) and 
the liquid crystal material layer 15. A plurality of 



varistor layers not shown) on the first base 12a are 
contained in the grooves 39 without coming into 
contact with the liquid crystal material layers 15, 
the scanning electrodes (not shown), and the sec- 
ond base 12b. 

Referring to Rg. 25, a second base 12b has a 
plurality of apertures 40, and a plurality of scanning 
electrodes lib are spaced from each other through 
groove-shaped vacant spaces 34. The apertures 40 
open to the groove-shaped vacant spaces 34 be- 
tween the scanning electrodes 1 1 b. 

The vacant spaces in the liquid crystal layer 
may be in the form of apertures or grooves con- 
nected to the aperture 40 in the second base 12b 
through the groove-shaped vacant spaces 34 be- 
tween the scanning electrodes 1 1 b. 



EXAMPLES 

The present invention will be further explained 
by way of specific examples, which in no way limit 
the invention. 



Example 1 

ZnO particles were pelletized under a pressure 
of 200 kg/cm2 and then sintered in an electric 
furnace at a temperature of 1200* C. The resultant 
ZnO pellets were pulverized in a mortar and the 
resultant fine particles were screened, to collect 
ZnO particles having a size of from 5 um to 8 um. 
To round off the particles, the particles were fired 
in an electric furnace at a temperature of 1200* C. 
The round ZnO particles were doped with 0.5 g of 
MnOz and CO2O3 per 100 g of ZnO and fired at a 
temperature of 1200*C to provide varistor par- 
ticles. 

A paste was prepared from 10 g of the varistor 
particles, 5 g of glass beads, and 1 g of a binder 
consisting of polyvinyl acetate. 

A plurality of picture element electrodes 11a 
consisting of ITO and a plurality of signal lines 13 
were arranged on a first glass base 12a in the 
pattern shown in Rg. 8. The distance between the 
picture element electrodes 1 1 a and the signal lines 
was 100 um. The varistor particle paste was print- 
ed in accordance with the predetermined pattern 
on the first base 12a to connect therethrough the 
picture element electrodes 11a to the signal lines 
13, and sintered at a temperature of 500 'C, to 
form varistor layers 1 4. 

Separately, an emulsion was prepared by mix- 
ing a solution of 10 g of polyvinyl alcohol in 90 g of 
distilled water, 30 g of liquid crystals and 1 g of a 
black dye. 

The emulsion was applied to the surface of the 
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first base 12a by using a doctor blade, to form a 
liquid crystal material layer having a thickness of 
50 urn, and then dried. The dried liquid liquid 
crystal material layer had a thickness of 15 um. 

A plurality of scanning electrodes lib having 
the shape as shown in Fig. 8 were formed on a 
second glass base I2b in accordance with a pre- 
determined pattern. Then the emulsion was applied 
to the surface of the second base 12b by using a 
doctor blade, and dried to form a liquid crystal 
material layer. 

The first and second bases 12a and 12b were 
laminated and side edges were sealed by an adhe- 
sive agent. In the resultant LCD device, the varistor 
layers did not face the scanning electrodes. 

The resultant LCD device was operated by a 
multiplex drive (1/400 duty) under a voltage of 
±150 V between the signal lines and the scanning 
electrodes, and the resultant display images had a 
contrast of 30:1 and were very clear. 



Example 2 

An active matrix type LCD device was pre- 
pared in the following manner. 

In the same manner as in Example 1, a first 
base having a plurality of picture element elec- 
trodes, a plurality of signal lines having branches, 
and a plurality of varistor layers arranged in the 
pattern shown in Fig. 1 1 , was prepared. The picture 
element electrodes had a length of 5 mm and a 
width of 5 mm. and were spaced 1 mm apart. The 
number of picture elements electrodes was 400. 

The varistor on-voltage was 135 volts and ex- 
hibited a small standard deviation of 3.1 volts. A 
mixture of 100 g of liquid crystals. 3 g of pleoch- 
roic dye. 30 g of an epoxy resin and 30 g of curing 
agent was applied to the first base by using a 
doctor blade, to form a liquid crystal material layer 
having a thickness of 17 urn. 

The first base having the liquid crystal material 
layer was laminated on a second glass base having 
a plurality of scanning electrodes in the shape, size 
and locations as shown in Rg. 11. The laminate 
was left to stand at room temperature for 24 hours. 

When the resultant LCD device was operated 
by an active matrix drive at a duty ratio of 1/128 
under a voltage of ±180 V, the resultant display 
images were very clear and exhibited a contrast of 
10 or more. 



Comparative Example 1 

The same procedures as in Example 2 were 
carried out except that a plurality of picture ele- 
ment electrodes, signal lines and varistor layers 



were arranged on a first base in the pattern shown 
in Fig. 1(C). The resultant comparative LCD device 
had a varistor on-voltage of 143 V and exhibited a 
large standard deviation of 9.5 V. 



Example 3 

Referring to Figs. 19(A), 19(B), 19(C) and 19- 

70 (D), a first base 12a had a plurality of picture 
element electrodes 11a, a plurality of signal lines 
13, and a plurality of varistor layers 14 arranged as 
shown in Rgs. 19(A) and 19(B), and a second base 
12b had a plurality of scanning electrodes lib and 

15 a plurality of liquid crystal material layer 15 ar- 
ranged as shown in Figs. 19(C) and 19(D). 

The liquid crystal material layers 15 were 
formed from an emulsion consisting of 20 g of an 
aqueous solution containing 2 g polyvinyl alcohol, 5 

20 Q of liquid crystals and 0.2 g of black pleochroic 
dyes and had a thickness of 15 urn. 

The varistor layer was formed by a printing 
method, had a length of 0.5 mm, and a width of 0.5 
mm, a thickness of 13 urn. and exhibited a varistor 

25 voltage of 40 V t 3 V. 

When the resultant LCD device was operated 
under an alternating voltage of 70 V at a duty ratio 
of 1:1, clear images having a contrast of 30 were 
displayed without cross-talk. 

30 

Comparative Example 2 

The same procedures as in Example 3 were 
35 carried out except that a continuous liquid crystal 
material layer 15 was formed on the second base 
12b. 

When the resultant comparative LCD device 
was operated under an alternating voltage of 70 V 
40 at a duty ratio of 1:1. the displayed images were 
not clear and had a very poor contrast of 5 or less. 
When the alternating voltage was raised to 100 V, 
the displayed images became clear but undesira- 
ble cross-talk occurred. 

45 

Example 4 

The same procedures as in Example 3 were 
so carried out except that the thickness of the varistor 
layers was 20 urn. the varistor voltage was 40 V ± 
2 V, and the second base had groove-shaped 
openings connected to the vacant spaces between 
the scanning electrodes and in the liquid crystal 
55 material layer as shown in Fig, 24. 

When the resultant LCD device was operated 
under an alternating voltage of 70 V, the resultant 
Images were very clear and had a very high con- 
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trast of 30. No cross-talk occurred. 



Example 5 

The same procedures as in Example 4 were 
carried out except that the liquid crystal layer was 
prepared in accordance with Chemistry Letters, 
679 (1979), fronn a solution of 2 g of polymethyl 
methacrylate. 5 g of liquid crystals and 0.2 g of 
black pleochroic dyes in 20 ml of 1,2-dich- 
loroethane. 

When the resultant LCD device was operated 
under an alternating voltage of 70 V, clear images 
were formed at a contrast of 25 without cross-talk. 



Claims 

1. A liquid crystal display device comprising: 
a first transparent base; 

a plurality of picture element electrodes arranged 
on the first base; 

a plurality of signal lines for supplying electric 
signals to the picture element electrodes, and ar- 
ranged adjacent to the picture element electrodes 
on the first base; 

a plurality of varistor layers comprising fine varistor 
particles, through which the picture element elec- 
trodes are connected to the adjacent signal lines; 
a second transparent base arranged In parallel to 
and spaced from the first base; 
a plurality of scanning electrodes arranged on the 
second base and facing to and spaced from the 
picture element electrodes; and 
a liquid crystal material layer arranged between the 
picture element electrodes and the scanning elec- 
trodes; 

said scanning electrodes having a size, shape and 
location satisfying a relationship to said varistor 
layers such that a plurality of vacant spaces are 
formed between the scanning electrodes, and the 
varistor layers face the vacant spaces but not the 
scanning electrodes in a direction at a right angle 
from the first and second base surfaces, 

2. The device as claimed in claim 1, wherein 
the liquid crystal material comprises liquid crystals 
dispersed in a matrix consisting essentially of a 
polymeric material. 

3. The device as claimed in claim 1, wherein 
the liquid crystal material contains pleochroic dyes. 

4. The device as claimed in claim 1, wherein 
the varistor layer is formed by a printing operation 
from a paste comprising the fine varistor particles. 

5. The device as claimed in claim 1, wherein 
the fine varistor particles have a size of from 1 to 
30 u.m. 

6. The device as claimed in claim 1, wherein 



the fine varistor particles are 2nO particles doped 
with at least one member selected from BiOs . 
C02O3 . MnOa and SbaO. 

7. The device as claimed in claim 1, wherein 
5 each scanning electrode is in the form of a poly- 
gonal plate in which a corner portion thereof clos- 
est to a varistor layer is cut to form a vacant space, 
and each varistor layer faces at least a portion of 
the vacant space. 

10 8. The device as claimed in claim 1, wherein 
each picture element electrode is provided with a 
protrusion protruding toward and connected to the 
signal lines through a varistor layer and each scan- 
ning electrode faces only a portion of the picture 

15 element electrodes outside the protrusion, 

. 9. The device as claimed in claim 1, wherein 
the scanning electrodes are spaced from each oth- 
er through gaps and each varistor layer faces at 
(east a portion of each gap. 

20 10. The device as claimed in claim 1, wherein 
the signal lines have branches thereof extending 
between the picture element electrodes, and the 
varistor layers are formed to connect the signal line 
branches to two adjacent picture element elec- 

25 trodes. 

11. The device as claimed in claim 1. wherein 
each varistor layer covers a side edge portion of 
each picture element electrode for 50% or more of 
the length of the side edge portion. 

30 12, The device as claimed in claim 1, wherein 

the picture element electrodes are arranged In a 
zigzag pattern, the signal lines are arranged in a 
zigzag form among the picture element electrodes, 
and comer portions of the picture element elec- 

35 trodes facing each other are connected to bent 
portions of the signal lines through the varistor 
layers. 

13. The device as claimed in claim 1, wherein 
the liquid crystal material layer has vacant spaces 

40 to which the varistor layers are exposed without 
coming into contact with the liquid crystal material. 

14. The device as claimed in claim 13, wherein 
the vacant spaces in the liquid crystal material 
layer are in the form of separate apertures. 

45 15. The device as claimed in claim 13. wherein 

the vacant spaces in the liquid crystal material 
layer are in the form of separate grooves. 

16. The device as claimed in claim 13, wherein 
the first and second bases are adhered to each 

50 other through adhesive material layers formed in 
portions of the vacant spaces in the liquid crystal 
material layer, 

17. The device as claimed in claim 13, wherein 
the second base has concavities connected to the 

55 vacant spaces between the scanning electrodes 
and then to the vacant spaces in the liquid crystal 
material layer. 

18. The device as claimed in claim 13. wherein 

13 
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the second base has openings connected to the 
vacant spaces between the scanning electrodes 
and then to the vacant spaces in the liquid crystal 
material layer. 

19. The device as claimed in claim 1, wherein 5 
the liquid crystal material is in a nematic curvilinear 
aligned phase (NCAP). 
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Fig. KB) 
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Fig. 1(C) 
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Fig.4(A) 
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Fig. 6(A) 
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Fig.7(A) 
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Fig. 23(C) 
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